Background: More pediatric drug trials are needed, but although specific pediatric regulations warrant safety, recruitment of children for these trials remains one of the main difficulties. Therefore, we investigated potential determining factors of nonparticipation in clinical research, in order to optimize research participation of children by recommending improved recruitment strategies. Methods: Between 1 January 2012 and 1 January 2014, we performed a prospective study among161 pediatric patients, aged 6 to 18 y, who were eligible for clinical research. We quantitatively analyzed the association of potential explanatory variables (e.g., age, cognitive development, experience, ethnicity) with nonparticipation and qualitatively analyzed interviews on reasons for nonparticipation. results: Sixty percent of the children did not participate in the research project on offer (39% decided not to participate, 21% were indecisive). Lower age, less disease experience, and less complex research with lower risk were predictive for not participating. Time constraint and extra burden were expressed as decisive reasons for not participating. conclusions: Strategies to optimize research participation should be aimed at younger children and their families, who are logistically challenged and unfamiliar with health care and research. Recommendations include informing pediatric patients and their families of the value of research; minimizing logistic burdens; and improving accessibility.
M
ore drug researches in children are needed, because currently 36-90% of drugs prescribed to children have not been tested in their age group (1) . Prescribers often have no alternative but to resort to off-label or unauthorized products, without having evidence-based information regarding drug effects on children to guide them and help them weigh the risks and benefits of the drug. Conducting more clinical research in children will mean an increased demand for children to participate. Evidently research with this vulnerable population involves many unique ethical and legal considerations which have led to the development of specific pediatric regulations and guidelines to warrant safety.
Research projects need approval at different levels before implementation. Legislative regulations in the United States prescribe that pediatric research that does not offer participants a potential clinical benefit is only allowed when there is (minor increase over) minimal risk and minimal burden (2) . Research that may offer the participant potential benefit is assessed by weighing risks and burden against potential gain. Institutional review boards or research ethics committees are charged with the assessment of the research protocols. Informed consent or assent is required from research subjects and their proxies. In the current Code for Federal regulations of the United States (3) by definition children are "persons who have not attained the legal age for consent to procedures involved in the research" (45CRF46.402(a)). Parents are required to provide permission, while regulations state that some children might be able to give their assent, meaning an affirmative agreement. Some authors suggested that children's assent should only be required from a fixed age of 14 y (4), while others argue that children are generally competent to consent from the age of 12 y (5). This illustrates the ongoing debate on child consent issues.
Significant difficulties occur in the recruitment for clinical research involving minors (6) . A recent study showed that less than half of the clinical research projects approved by the institutional review board succeeded in procuring 80% of confirmed participants at the planned closing date. While a consistent pattern of trial characteristics associated with successful recruitment could not be identified (7) , previous studies show increasing evidence for the complexity that underpins adult participants' decisions to consent in research. Evidently, adults base their decision on a combination of practical considerations, levels of interest, relational factors, and more general values like a sense of responsibility to contribute knowledge to the community (8) .
At present, empirical evidence on what children and parents conceive as burdensome and what they appreciate in research participation is limited. Reasons for, or against, participation may be influenced by ethnic status, societal factors, and anxiety or stress, and concrete barriers such as time commitment, childcare, and transportation difficulties (9) . Providing participants with inadequate information concerning the particulars of the research also interferes with the participants' ability to make well-considered decisions (10) . Studies in adolescents, one of which concerned a hypothetical research project, demonstrated that several participants expected direct health benefit from being questioned and examined by the physician (11) (12) (13) . A main reason for participation was charity (14) , and half of the eligible subjects refused for no apparent reason (15) . Sample sizes of the studies are small, children under 12 y are underrepresented, and studies do not show results for subdivisions of children in different age groups. Furthermore, answers of children might be biased by social desirability. Combining qualitative and quantitative outcomes can offer a more comprehensive insight into factors that promote participation as well as factors that militate against it.
Insight into motives and characteristics of children who decide not to participate in research is of importance for the development of strategies to improve recruitment rates and by that increase successful conduct of research. The aims of our study were (i) to quantitatively investigate potential determining factors for children's nonparticipation and to what extent these contributed to the decision-making process and (ii) to qualitatively investigate children's subjective reasons for nonparticipation across different age spans.
RESULTS

Quantitative Study
Baseline characteristics. As the characteristics of the study participants were described elsewhere (5), we only give a brief overview here: of 209 children eligible for this study, 161 were enrolled, mean age 10.6 y (age range: 6-18 y). Table 1 . Sixty-two children (39%) decided not to participate, 34 (21%) did not make a decision on participation in the research project for which they were approached, and 64 children (40%) decided to participate. Higher age, higher socioeconomic status, higher complexity and risk of the research procedure, Western ethnicity, and decision-making competence showed a positive association with the decision to participate (P < 0.01).
Association of variables with participation. The distribution of the variables in contingency tables is demonstrated in
Strength of associations.
The relative contribution of each characteristic to the probability of the decision to participate in research is listed in Table 2 . High complexity and risk had the highest Wald statistic (13.6) and was most predictive for a decision to participate. Furthermore, greater disease and trial experience and a higher age contributed to a positive decision on trial participation (Wald statistic low experience 8.5, high experience 6.7; age 5.7). The Hosmer and Lemeshow goodness-of-fit P value was: P = 0.24. There were small differences between expected model probabilities and observed probabilities for the decision to participate (overall correct >76%).
Accuracy of associated variables. We further examined the predictive value of explanatory variables using area under the receiver operating characteristic curve (AUC) as a measure of accuracy: complexity and risk of the research procedure had an AUC of 0.61 (95% confidence interval: 0.52-0.70); age 0.61 (95% confidence interval: 0.51-0.70); disease experience 0.58 (0.48-0.67). The AUC of all three explanatory variables combined in the model was 0.77 (95% confidence interval: 0.69-0.85; Figure 1 ).
Qualitative Study
Thirty-five children were included in the qualitative study (mean age: 11.9 y, SD: 2.45, age range: 8-16 y). In this subsample, 25 children (71%) decided to participate in the clinical research on offer.
Reasons for not participating. Children aged 9 y and older presented 18 reasons for not participating in research. These reasons related to expected burdens for themselves directly deriving from research procedures, such as extra time investment, possible adverse effects of trial medication, or the inconvenience of sitting still. In seven cases, these reasons were decisive for children not to participate. Children aged 8 y did not express any reasons for not participating.
Several children all aged 9 y and older expressed 10 collateral burdens pertaining to themselves. No child explicitly mentioned a collateral burden for others. Many children mentioned that participating would impact on their time schedule, and children of all ages mentioned they did not want to miss school. Personal beliefs for not participating were expressed by children of 10 y and older. Some children simply expressed they did not feel like participating.
Reasons for participating. On 40 occasions, children mentioned that participation would benefit others; some children expressed this more than once. To help advance knowledge for physicians was mentioned three times. Helping others was mentioned by children of all ages; in children aged 10 y and older, helping others was frequently the decisive reason for participation.
In 11 cases, children, aged 8-13 y, mistook trial participation for individualized treatment. Children older than 13 y did not express such a direct benefit. An example of a 11-y-old child asked to participate in research on treatment methods for functional abdominal pain clearly shows the child's misconception of the trial's purpose:
Interviewer: "Why would you rather take part? Child: "Well, because the doctor told me there is an 80% chance that you succeed with the therapist, and… Yes, I really want my stomach ache to go away. "
Only two children, aged 8 and 16 y, respectively, correctly interpreted the direct benefits they would receive from participating in the research. The following quote by the 16-y-old child participating in a study in gastroenterology illustrates this perfectly:
Interviewer: "Why would you rather take part?"
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Child: "Well, maybe they can find a solution for it that, yeah… mainly generally. And in the end maybe for me too. "
Eight children of 10 y and older mentioned collateral benefits for themselves, including the participation experience, which they considered fun, interesting, and instructive; however, younger children failed to mention these kind of motives altogether. Children of all ages expressed the belief that the research would not cause them any harm as a reason for them to participate. Personal beliefs concerning trial participation were mentioned by children of all ages (in 21 cases): common responses were, "I did it before, " "it is your own choice, " "I signed already, it is safe. "
DISCUSSION
The quantitative study on potential determining factors for children's research participation showed that a lower age, less experience with disease and research, and less complex decisions with lower risk were all decisive factors not to participate in research. The percentage of nonparticipation was 60%, of which 39% decided not to participate, while 21% remained indecisive. Although these results are solely based on the child's decision-in children under the age of 12 y, the parent's decision would be decisive-this percentage of nonparticipation is remarkably high. Research procedures in this study with more complexity and a higher level of risk were performed in pediatric oncology and one study in gastroenterology. The outcomes of prior studies are similar to our findings (6) . Possible explanations for the higher participation rate in these cases point to the fact that families with healthcare experience may be more willing to allow their child to be enrolled in research. Furthermore, a conceivable motivation of seriously ill children to participate in research may be their higher dependence on the healthcare system and their search for hope. Moreover, children who had previously participated in studies, or families who were well informed about pediatric studies by active patient associations, were more willing to participate (6). Thus, Articles Hein et al.
familiarity may be an important factor in the decision on research participation. Less willingness to participate among younger children may not be surprising. In previous studies, parents expressed that a restricted understanding of a study and its regulations was an important factor in deciding not to have their child participate in the study (6) . Younger children may be equally discouraged if they do not fully understand the impact of the decision to participate in a study. Information provision directed at parents, and clear, age-appropriate information for children, may then help to improve the willingness to participate. Another factor may be that parents raising young children can feel overwhelmed, particularly when their child is sick. Minimizing the burden of research procedures in practical ways, for instance, by promoting online visits and telephone interviews instead of outpatient visits, might help relieve some of the pressure.
The other examined factors such as gender, socioeconomic status, intelligence, ethnicity, and parental judgment of a child's competence to consent did not contribute significantly to promote or decline research participation.
The qualitative study on reasons that promote or discourage research participation expressed by children of different ages demonstrated that time constraints and direct burdens from the research procedures, such as waiting, sitting still, or extra tests, were the main reasons for not participating for children of aged 9 y and older. Research procedures that were considered burdensome by children varied between individuals. In our sample, there were no trial procedures that required extra vena punctures or lumbar punctures-procedures involved electroencephalography, electrocardiography, magnetic resonance imaging, extra medication, diaries, and anorectal manometry. In general, children older than 9 y were able to clearly convey their assessment on burdens and benefits.
Altruism was a main reason for children of 10 y and older to participate in research. This corresponds to findings in the adult population (16) . Another main reason was that children mistook research for individual treatment and expected health gain from participating in the research. This therapeutic misconception was prevalent in the population of children younger than 13 y, but not in late adolescents. In adults, therapeutic misconception emerged as a major theme (16); in previous studies in children, it was prevalent as well (13) . Thus, in children, understanding of the purpose of clinical research relies heavily on the provision of information, which should be tailored to their comprehension level (17) . Although children in our sample were well informed about the purpose of the research, including an explanation of the difference between therapeutic goals and research goals, younger children and early adolescents showed difficulties understanding. 
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The results of both the qualitative and quantitative study show that the motives and characteristics of children who decide not to participate are the following: younger age, unfamiliar with healthcare and research, logistically challenged, not optimally informed, and not fully aware of the societal benefits. Strategies to improve recruitment rates could be targeted especially at pediatric patients and their families who fall into these categories. An example of an effective strategy to increase awareness of shared societal responsibility for trial recruitment can be found in adult studies (7) where public campaigns were recommended to convince professionals and the general public of the value of research for clinical practice. This included informing adult patients about the use of data to help future treatment and efforts to improve patient care (7) . These strategies might also prove effective with pediatric patients and their parents.
Strategies for decreasing the logistic burden for children and families may be aimed at improving accessibility; the burden of time constraint should be addressed and minimized. Furthermore, as the majority of children older than 9 y were able to convey their assessment on burdens and benefits in a clear way, it might be constructive to give children a voice in the assessment of what they experience as burdensome and valuable in research. An example is the Young Person's Advisory Board of the UK Medicines for Children Research Network (http:// www.crn.nihr.ac.uk/children/pcpie/young-persons-advisorygroup/), consisting of children, aged 8-18 y, who have experienced medical conditions. The board involves these children and families in research and raises research awareness and motivation among young people. Expanding similar initiatives may contribute to improving pediatric research recruitment rates.
Limitations
The population of participants was a heterogeneous group, which may limit the generalizability of the results to specific populations of children. Furthermore, it is a limitation that the parental view and its possible impact on the child is not included in this study. Another limitation may be caused by the decision to combine studies into low, middle, or high classifications of complexity and risk. Safety regulation warrants no more than minor increase over minimal risk for children in research. However, we anticipated the decision on research participation to be weightier in more seriously diseased children like those with cancer, thus we classified those in the high category, together with subjectively disagreeable research procedures, and the more complicated procedures. Unfortunately, levels of risk and complexity are not yet well defined or quantifiable (18, 19) . The same limitation is valid for combining trial experience with duration of illness. Both familiarity with having a chronic disease as well as prior research participation are supposed to add to the child's experience, but such levels of experience are not well defined in literature either.
Finally, the role of the researcher fell outside the scope of this study. Researchers themselves, or the relationship between pediatric patients and researchers, might have specific characteristics that could increase or decrease the recruitment rate of studies.
Conclusion
Younger children, children with less disease experience, and children deciding on participation in less complex research with less risk were more prone to decline research participation. Time constraints and direct burdens from the research procedures were the main reasons for not participating expressed by children of 9 y and older. Altruism was a subjective reason for research participation in children aged 10-18 y, and well-informed adolescents of 14 y and older were not subject to therapeutic misconceptions.
Unfamiliarity, limited information provision for parents and young children, and logistic burdens are factors that negatively affect research participation; therefore, strategies should be aimed at these issues. Campaigns directed at convincing the professionals and general public of the value of research for clinical practice should include informing patients about the use of data and efforts to improve quality when entering the hospital. Logistic burdens should be minimized by coaching and guiding of children and parents and by improving accessibility. Involving children and families in advisory boards is a way to improve research awareness among eligible participants and to align research procedures with the participants' preferences.
Directives for future research include evaluation of the actual experience of research participation as well as research on how pediatric patients and their parents evaluate proportionality in decisions on research participation.
METHODS
Participants
The population for this study consisted of participants in a large study on competence to give informed consent in children, which is described comprehensively elsewhere (17) . Between 1 January 2012 and 1 January 2014, this population of 161 pediatric patients, aged 6-18 y, eligible for real-life clinical research participation were prospectively recruited at inpatient and outpatient clinics in Amsterdam, Rotterdam, and The Hague (5). The clinical research projects consisted of 10 randomized controlled trials and three observational studies at departments of pediatric oncology, pediatric gastroenterology, internal medicine, ophthalmology, and pulmonary diseases. Only nonnative Dutch speakers were excluded from research participation.
For the quantitative study, all subjects were included; for the qualitative study, a sample consisting of every first enrolled participant of each elected age group (8-16 y) of each of the 10 research projects was selected, which would allow to aggregate sufficient data for analysis.
The study procedures were judged and approved by the institutional review boards of the participating institutions. Prior written informed consent was obtained from parents of participants and from participants aged 12 y and older.
Assessment Method
Quantitative. Next to demographic data, we collected measures of potential determining factors: age; gender; experience, expressed in the number of trials previously participated in and duration of disease (low: no prior trial participation and duration of disease less than 1 mo; moderate: no prior trial participation and duration of disease more than, or equal to, 1 mo; high: prior trial experience); socioeconomic status, indicated by the level of education of the highest educated parent (low: no primary school, primary school, special primary school, special secondary school; middle: preparatory education, secondary vocational education, senior general secondary school, preparatory scientific education; high: college, university); complexity and
